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t2lSttntmary
This thesis deals with the events which
underlay the rapid decline in bite Íbrce
when the resistance to a static bite is sud-
denly withdrawn.
This is an important subject since bite
forces can be very high (up to 600 N) so
that there is a serious risk of damage to the
dental elements when biting through hard
and brittle Íbod at these high forces because
the efl'ective mass of the lower jaw is small
(only about 0.20 kg at the level of the Íiont
teeth) and the margin of saÍ'ety limited (aw
separations during biting are in the order
of 2 to 3 cm). For example, when biting
through britt le food at an init ial mouth
opening of 2 cm with a constant bite force
of 100 N, the teeth, theoretically, wil l col-
l ide with a velocity of 4.5 m/s (i.e. l6 km/h)
aÍïer breaking of the food.
However, such high velocities do not
occur in reality since in unloading experi-
ments -in which, experimentally, the resist-
ance to a forceful static bite is suddenly
withdrawn- it is shown that bite Íbrces de-
crease at a high rate as soon as the mouth
starts closing after the unloading so that
the velocity of the mandible is strongly lim-
ired.
There are several possibil i t ies explain-
ing this observation.
Firstly, reflex events possibly reduce the
movement of the mandible after a sudden
unloading. This idea is supported by Han-
nam et al. (1968) and Lamarre & Lund
(191 5) who show that after unloading of a
static bite there is an inhibition of the jaw-
closing muscles and an activation of the
jaw-opening muscles.
Secondly, the rapid drop in force after
unloading is possibly caused by co-con-
tractiort of the jaw-opening and -closing
muscles during the bite. This hypothesis is
put forward by Miles & Wilkinson (1982)
who suggest hat the major factor respon-
sible for limiting the jaw closing movement
is a weak contraction of the digastric mus-
cles during the static phase before the un-
loading. When the resistance to the bite is
suddenly withdrawn, thejaw closing move-
ment is arrested by the so-called short-
range stiffness (due to distortion of cross
bridges between myofilaments; Rack and
Westbury, 1914) in the co-contracting di-
gastric muscles.
Thirdly, the mechanical properties of
the jaw muscles, may also have profound
effects on the dynamics of the bite force
after the unloading. For example, if the
sarcomeres of the jaw-closing and -open-
ing muscles are below their optimal length
at the start of the unloading, the force-
length properrles of the muscle fibers will
cause a decrease in force of the jaw-clos-
ing muscles and an increase in force of the
jaw opening-muscles during the jaw-clos-
ing movement. The force-velocity proper-
rles of the j aw muscles may also add to the
reduction in force; the jaw-closing muscles
lose a fair amount of their force when they
shorten (less cross bridges are attached to
actin filaments during the jaw movement,
whereas, in general, the cross bridges also
produce less force since their length re-
duces) and the jaw-opening muscles wil l
gain force when they are stretched (cross
bridges need to be broken to stretch the
muscle and the stiffness in the muscle is
quite high).
To get more insight into the relative
contribution of the above mentioned phe-
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nomena to the decrease in bite Íbrce after a
sudden change in resistance we did a se-
ries of unloading experiments of the jaw
and formulated a numerical model of the
human jaw system simulating these unload-
ing experiments.
In the unloading experiments subjects
were asked to bite isometrically on two bars
of rvhich the resistance to the bite was sud-
denly withdrawn. Init ial bite forces, init ial
mouth openings, distances of travel of the
mandible when closing, as well as veloci-
t ies of jaw closure were varied. To analyze
possible eÍïects of these variables on the
force profiles after the unloading, the Íbrce
exerted on the lower of the two bars and
the position of the bar was measured dur-
ing the experiments. We also recorded sur-
face EMG's from the masseter muscle -that
is one of the jaw-closing muscles-, and the
digastric muscles -one of the jaw-opening
muscles- to see how the level of (co-)con-
traction of these muscle influences the
shape of the force profiles.
The numerical model of the human jaw
system was used tojudge the relative con-
tribution the variables under discussion to
the reduction in force, because the actual
length and the velocity of the muscle fibers
during the experiments are unknown.
Chapter I describes and discusses ex-
periments attributed to the contribution of
the (co-contracting) digastric muscles to the
rapid decline in bite force magnitude after
unloading of a static bite. This was done
by asking subjects to perÍbrm two differ-
ent biting tasks with sudden unloading, and
correlating the degree of co-contraction of
the digastric (as derived from their EMG's)
with the impact force, the impact velocity
(as measured after a travel distance of the
mandible of 5 mm), and the residual force
when the jaw system was in static condi-
tions again after the impact.
Co-contraction of the digastrics was
varied by asking subjects to perform the
bi t ing task whi le  contro l l ing b i te force
(force-controlled experiments) or jaw po-
sit ion (position-controlled experiments).
In half of the experiments, subjects co-con-
tracted their digastrics stronger in the po-
sition-controlled experiments as compared
to the tbrce-controlled experiments. Horv-
ever. there was no clear relationship be-
tween the level of co-contraction of the di-
gastric muscles and the magnitude of the
impact force, the impact velocity and the
residual force. The results imply that co-
contraction of the digastric muscles is not
sufficient to explain the reduction in bite
force and the low impact velocity aÍier an
unexpected jaw closing movement.
We also observed reflexes in the jaw-
c los ing muscle and the jaw-opening mus-
cles triggered by the onset of the unload-
ing. Latencies of the reflex-events in the
force-controlled conditions were compara-
ble to those in the position-controlled con-
ditions.
Chapter 2 reports on a study in which
the magnitude of the impact velocity of the
mandible -when the lower jaw is arrested
after an unloading- is studied as Íunction
ofthe initial bite force, the initial degree of
mouth opening and the distance of travel
of the mandible. For that we calculated the
velocity of the lower teeth at impact just
before the mandible came to stand still in
combinations of 4 different bite forces ( 100,
80, 60 and 40 N), 4 different initial degrees
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of mouth opening (33.-5. 30.5, 21.5 and21.5
mm) and 3 different distances of travel of
the mandib le (4.5,  3.0 and 1.5 mm).
We found that the bite Íbrce rapidly
declines after the unloading. resulting in a
small impact velocity of the lower front
teeth. This impact velocity largely depends
on the magnitude of the init ial bite Íbrce
and the traveled distance; it is hardly sen-
s i t ive to var iat ions in  degree of  in i t ia l
mouth opening. The maximal velocity of
the lower teeth is 0.43 m/s (at an init ial bite
lbrce of 100 N). It is calculated that if the
bite force would not have declined. the
mandible would have reached a velocity of
1.9 m/s (which is about 340 c/o higher than
the veloc i ty  ca lculated t iom our  exper i -
ments).
In chapter 3 a mathematical fbrward
dynamic model of the human jaw system
is described. ihat simulates tatic bites and
the dynamic phase afler unloading of this
bite. With this model the influence of co-
contraction, force-length properties and
Íbrce-velocity properties of the jaw-open-
ing and -closing muscles on the velocity at
impact were explored. Morphometric data
from a cadaver study were used in the
model  to  come to anatomical  real ism.
Physio logical  input  va lues were main ly
taken from literature. The remaining pa-
rameter values were found by fitting the
model results optimally to the data Í}om
the  d i l ' t ' e ren t  un loud ine  expe r imen ts  as
descibed in chapter 2.
Model analyses how that the limitation
of the jaw velocity is mainly due to the
force-velocity properties of the jaw-closing
ntuscles. These muscles dramatically lose
their force when they shorten. This provides
the jarv system with a quick mechanism for
deal ing wi th unexpected c los ing move-
ments, in which neural control is always
too late.
Moleover. it is shown that the force-
length properties of the jaw muscles hardly
contr ibute to the reduct ion in  rmpact  ve-
locity. The compliance of tendinous heets
in the jaw muscles is unfavorable Íbr the
reduction in impact velocity, whereas co-
contraction of jaw-opening and -closing
muscles helps to l imit impact velocity.
The second part of the thesis deals with
events when the jaw is arrested shortly af-
ter tlte unloadlng. It is shown that after col-
lision of the teeth. the remnant bite force -
hereafter residual force- is remarkably
small. For example, after an unloading of a
100 N bite, only 25Vo of the bite force is
left when the mandible is arrested after a
distance of travel of 4.5 mm. These low val-
ues of residual bite forces can not be ex-
plained by the force-velocity properties of
the jaw muscles alone, since after cessation
the lower jaw is in static conditions again.
Chapter 4 describes experiments deal-
ing with the contribution of the initial bite
force. the initial degree of mouth opening
and the distance of jaw travel to the mag-
nitude of the residual bite force. Further-
more, it is analyzed whether the low mag-
nitude of the residual force can be attrib-
uted to reflex events of the jaw muscles or
to the force-length properties of the jaw-
closing muscles.
It is shown that the residual forces are
largely dependent of the distance of jaw
travel (large travel distances give small re-
sidual forces) and are barely sensitive to
variations in init ial mouth opening. Rela-
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tively, the value of the residual force is in-
dependent of the magnitude of the initial
bite force. For example: a bite force of 100
N as well as a bite force of 40 N are both
reduced to 60 Vo of their initial value after
the jaw is arrested after a distance of jaw
travel of 1.5 mm, and to 25 7o of their ini-
tial value after a 4.5 mm jaw travel.
The low values ofthe residual forces can
notbe attríbuted to reflex events, since the
sum of reflex latencies and electro-mechani-
cal delay of the jaw muscles puts a substan-
tial loss in muscle force well atter the maxi-
mum in the residual force was measured.
[It takes about 80 ms for the masseters to
decrease their force to a 50Vo level when
their excitation is switched off, and the mas-
seter  muscle shows s i lent  per iods wi th
latencies of at least 9 ms, whereas the maxi-
mum of the residual forces is at about 35
ms after the unloading.l
Finally, in chapter 4 it is shown that the
force-length properties of the jaw-closing
muscles aÍe not responsible for the small
values of the residual forces, since over the
trajectories used in the descibed experi-
ments, the sarcomere lengths of the jaw-
closing muscles are beyond Íheir optimum
sarcomere length.
The low values of the residual forces
may partly be explained by the force-ve-
locity properties of the jaw-closing mus-
cles. After the jaw is arrested, the muscle
fibers of the jaw-closing muscles may still
shorten for a while (due to the in series ar-
rangement of the muscle fibers and the
tendinous sheets and to dill'erences in their
mechanical properties). As long as these
internal movements occur (tendon creep)
this wil l give loss in force (particularly
immediately after the jaw movement).
For that we investigated in chapter 5 the
influence of the velocity ofjaw closure on
the force profile of the closing mandible
aÍier an unloading. Data are presented on
unloading experiments of a 100 N static bite
at an initial mouth opening of 23.5 mm over
four different distances of jaw closure.
These experiments were performed twice,
with and without the application of a damp-
ing resistance to jaw closure. The maximal
velocity of jaw closure was reduced by a
Íactor of five in the slow jaw closing move-
ment in comparison with the fast ones.
It is shown that after unloading the de-
cline in bite force during jaw movement is
largely dependent on the velocity of jaw
closure. This is in good agreement with our
hypothesis that the force-velocity proper-
ties of the jaw-closing muscles are mainly
responsible for the decline in bite force
during jaw closure. The magnitude of the
residual force is insensitive to variations
in closure velocity. This suggests that the
effects of the fbrce-velocity properties in
conjunction with tendon creep are noÍ long-
lasting enough to account for the small re-
sidual forces.
It is suggested that the low value of the
residual forces is due to history-of-short-
ening-dependent changes irt tlrc active cott-
tractile systent. We think that the low re-
sidual forces are brought about by either
(1) a non-uniform sarcomere behavior of
the jaw-closing muscles when contracting
or (2) a long lasting change in the myofila-
ment system of the closing muscles induced
by the sudden shortening of muscle fibers.
